The annual HVO Summaries reviews the geologic history for the year, the seismic network and instrumentation, and the data processing procedures. The more recent summaries include tables of earthquake counts, earthquake maps and lists of earthquake locations. The summaries themselves are not very useful for earthquake hazard studies, but represent the earthquake catalog. The catalogue consists of computer files of earthquake magnitudes and locations. The unpublished computer files are used for plotting maps and for gauging the level of seismicity at different magnitude levels for d'fferent areas.
-3 -Copies of the summaries will not be supplied to the DOE unless specifically requested. Publication of the summaries indicates that the earthquakes have been processed and are available for analysis in computer form. Klein, F.W., 1982, Earthquakes at Loihi submarine volcano and the Hawaiian hotspot, Jour.
Geophysical Res., v. 87, Examines the earthquake swarms observed at Loibi submarine volcano located 35 km off the coast of Hawaii south of Kilauea Volcano. Magnitude 4 to 5 events have been observed at LoibL Loihi earthquakes during 1971-72 indicate summit swarms followed by larger flank earthquakes. This succession indicates a probable intrusion or eruption followed by slip within the adjacent and presumably mobile flank. Loihi's flanks could produce magnitude 6 earthquakes with an unknown recurrence time.
Klein, F.W. and R.Y. Koyanagi, 1985 , Earthquake map of south Hawaii 1968 -1981 cal Survey Miscellaneous Ivestigations Map 1-1611, 1:100,000.
Microearthquakes are shown as dots whose color indicates depth. Shows the active source areas of seismicity, especially Kilauea Volcano and its flanks. Accompanying text gives an introductory interpretation of the seismicity. Reports a short field study with portable seismographs on Kilauea's Lower East Rift Zone. The 42 local microearthquakes located south of the rift zone were in the same pattern as in the longer time periods studied by the HVO seismic net. This study was of a prospecting nature to look for local earthquake anomalies and has no apparent relevance to seismic hazards on Hawaii. Wyss, M., 1986 , Regular intervals between HawaUan earthquakes: implications for predicting the next event, Science, v. 234, pp. 726-728. This paper notes that mainshocks in the Kaoiki area west of Kilauea Caldera experienced magnitude 5.5-6.6 earthquakes at intervals of 10.5 +/-1.5 years during 1941-1983. This is very useful for understanding Hawaii tectonics and for intermediate term earthquake prediction in this area. The fact that moderate earthquakes can be expected to recur in this area is relevant to hazard analysis.. The hypothesis of this paper could be used to calculate how the probability of strong ground shaking changes on Kiauea with time. Hazards calculated over a 50 year period would include several moderate earthquakes at Kaoiki, however. These are the major papers by Max Wyss on seismic rate changes before major Hawaiian earthquakes. Each event was preceded by a statistically significant drop in background seismicity. Seismic quiescense is often controversial in other areas where the rate changes may result from earthquake catalog artifacts Dr when the method of accessing the statistical significance is questionable. This topic is important for earthquake preparation models and earthquake prediction. Seismic quiescense has no effect on the long term probability of strong ground shaking, but may be useful in altering the probability months or years before an earthquake. This is only possible when seismicity rates are carefully monitored within a seismic network. These papers develop focal mechanism solutions for the south flank of Mauna Loa Volcano and for the Kona area of west Hawaii, invert them for the tectonic stress tensor, and infer the absolute stress values at Kaoiki. This work is very valuable for modeling the nature of the stress field causing earthquakes but does not address the Kilauea seismic hazard issue directly. Wyss et al. (l992a) , Bryan and Johnson (1991) and Jackson et al. (1992) reach similar tectonic interpretations of the Kaoiki area as combining strike-slip shearing between two expanding volcanoes and basal sliding of Mauna Loa's south flank. Gillard et al. (1992) and Bryan and Johnson (1991) Uses local and teleseismic p waves, surface waves, tsunami recordings, aftershock distribution, crustal strain and coastal subsidence to infer the mechanism of the Kalapana earthquake. Concludes that Kilauea's south flank slid laterally on a plane dipping 20 degrees SSE on the sediment layer at the base of the volcanic pile.
Wyss
Bryan, C.L., 1992, A possible triggereing mechanism for large Hawaiian earthquakes dt~rived from analysis of the 26 June 1989 Kilauea south flank sequence, Bulletin of the Seismological Society of America, v. 82, pp. 2368-2390.
Examines the locations, focal mechanisms and tectonics of the 1989 earthquake and its aftershocks. A difference in the short period and long period mechanisms of the mainshock suggest that the plane of rupture changed orientation as the rupture progressed. Unlike the 1975 M7.2 Kalapana earthquake, aftershocks of the 1986 M6.1 Kilauea south flank earthquake extend about 10 km offshore.
Buchanan-Banks, J.M., 1987, Structural damage and ground failures from the November 16, 1983 Kaoiki earthquake, Island of Hawaii, U.S. Geological Survey professional paper 1350 chapter 44, pp. 1187-1220.
Documents the observed structural and ground failures, landslides and peak accelerations measured from accelerometers accompanying this magnitude 6.6 earthquake. Intensities and damage descriptions are given for 31 places and peak accelerations for 15 accelerometers on the island. The largest acceleration was 0.67 g at the Hawaii Volcano Observatory where acceleration exceeded 0.1 g for 8.5 seconds. The peak accelerations at the stations closest to the geothermal development were 0.18 g in Pahoa and 0.12 g at the Wahaula maintenance center in Hawaii Volcanoes National Park. Accelerations measured at sites underlain by at least 0.5 m of volcanic ash were significantly higher. Uses focal mechanisms of earthquakes on the south flank of Kilauea Volcano to infer seaward and SSE directed slip of the south flank on a plane dipping 2 degrees to the west. Small event mechanisms before and after the Kalapana earthquake are very similar to that of the mainshock. This is a key paper on south flank tectonics. There are serious errors in the appendix figures but the conclusions are generally accepted.
Furumoto, A.S. and R.L. Kovach, 1979 , The Kalapana earthquake of November 29, 1975 intra-plate earthquake and its relation to geothermal processes, Physics or the Earth and Plan. Int. v. 18, The focal mechaniam of the Kalapana earthquake is deduced from P arrivals at local and teleseismic stations. The nodal plane dipping 4 degrees to the NW was chosen as the slip plane because it matched structures seen on "the voluminous seismic, gravity and magnetic data collected ... in surveys ... carried out over the Puna District in search of geothermal resources..." This is the only relation discussed in the paper between the earthquake and geothermal processes, although there is a cross section showing the earthquake slip plane under Kilauea's south flank and the geothermal reservoir under the East Rift Zone. Except for dip of the slip plane, the interpretation of the Kalapana earthquake mechanism is similar to that of Ando (1979) .
Harvey, D. and M. Wyss, 1986, Comparison Analyzes the two accelerograms of the Kalapana earthquake as the result of a propagating rupture. The earthquake emitted most of its seismic energy from six major patches or asperities on the rupture plane. The asperities modulated the amplitude of the accelerograms in time as if from six subevents. The approximately 7 km spacing between asperities located at 9 Ian depth does not permit confident modeling of spatial variations of peak ground shaking along the south flank from the two accelerograms and the modeling of this paper. Includes copies of accelerograms of the three local accelerometers that recorded the Kalapana earthquake. An acceleration of 0.22 g was recorded at the Hilo station 43 kIn from the epicenter. Moderate structural damage is documented in the epicentml and Hilo areas. These publications list peak accelerations from two earthquakes not published anywhere else. The Pahala earthquake of July 4, 1988 (M5.2) recorded on two accelerographs. The Mauna Kea earthquake of August 2, 1990 (M4.7) triggered four accelerographs, but will not be used in the analysis because source and receivers are on an older, more ash covered volcano than Kilauea. Contains personal accounts, descriptions and damage reports of the 1868 earthquake. Includes an isoseismal map, narrative of the accompanying eruptions and tsunamis and lists of aftershocks. Wyss, M., 1988 , A proposed source model for the great Kau, Hawaii earthquake of 1868, Bulletin of the Seismological Society of America, v. 78, pp. 1450·1462.
Proposes that the source area of this magnitude 8 earthquake was southward slip of the upper crust of the block of the island south of Mauna Loa's rift zones. The source mechanism is thus similar to but the slip area is several times larger than that of the M7. Provides data for large historic earthquakes including approximate epicenters and magnitudes, and observed intensities on KiICluea's east rift zone. Includes a table of eartbquakes with felt intensities larger than or equal to V starting in 1833. The isoseismaI maps are also useful for estimating the attenuation of ground motion with distance in Hawaii. The earthquake list when used with recent instrumentally located earthquakes forms the known earthquake catalog for Hawaii. The Algennissen map plots contours of acceleration and velocity values expected with a 90% probability of not being exceeded within 50 years. Values for Hawaii were not computed with a probabalistic ground model by the authors but were taken from the FEMA publication. The FEMA results are "weighted averages of ground motion estimates." The map shows 8 90% probability that points on the south side of Hawaii Island will not exceed an acceleration of 0.30 g within 50 years, Le. there is a 10% chance that more than 0.30 g will occur. The map has poor resolution and has only one contour (0.30 g) passing through the middle of the island.
HeUker, C., 1990, Volcanic and seismic hazards on the island of Hawaii, U.s. Geological Survey general interest publication available from the USGS, 48 pp.
Includes a short (7 pages including figures) section on earthquake hazards written for the general public. The article discusses earthquake types, volcanic earthquakes, historic damaging and large magnitude earthquakes, and the uncertinties in estimating ground motion. The shortness of the article reflects the little that has been published on quantifying earthquake hazards in Hawaii. 
Johnson

METHODS OF SEISMIC HAZARD ANALYSIS
The principal methods of estimating strong ground motion use (1) the historical intensity observations and a relation between intensity and acceleration, or (2) the historical and intrumental seismicity and an expression for acceleration given magnitude and distance to the earthquake. These relations have been developed for the conterminous United States and can be checked against the very limited data which exists for Hawaii. Calculating the probability of strong accelerations also requires a frequency-magnitude distribution of earthquake occurence.
Algermissen, S.T., D.M. PerkiM and P.C. Thenhaus, 1982, Probabilistic estimates of maximum acceleration and velocity in rock in the contiguous United States, U.S. Geological Survey Open-File Report 82-1033, 99 pp. Fonnulates the problem of estimating the probability of strong motion from assumed seismic sources and applies it to the conterminous United States. Breaks the problem into 3 steps: (1) delineate seismic sources, (2) analyze the magnitude distribution of historic earthquakes in each seismic source, and (3) calculate the extreme cumulative probability of ground motion for some period of time. The paper explains the procedure in detail and provides the formulas used.
Bender, B., and D.M. PerkiM, 1987, SEISRISK III: A computer program for seismic hazard estimation, U.S. Geological Survey Bulletin 1772, 48 pp. Bender, B., and D.M. Perkins, 1982, SEISRISK II: A computer program for seismic hazard estimation, U.S. Geological Survey Open-File Report 82-293, 103 pp. Computer program for the calculation of probable peak ground acceleration. This program was used by Algermissen et al. for the contiguous United States calculations. The program only perfonns the geometrical and statistical parts of the calculation: the user must regionalize the earthquake sources, enter the rate of seismicity at each magnitude band for each source, and enter the dependence of peak ground acceleration on distance and earthquake magnitUde. The program calculates the acceleration levels that have a specified probability of not being exceeded during the exposure time of the site to the earthquake hazard.
